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(57) Abstract: 

PROBLEIV1 TO BE SOLVED: To provide a semiconductor 
element exhibiting excellent emission efficiency by 
eliminating the effect of piezoelectric field 
sufficiently while sustaining good crystallinity of an 
active layer. 

SOLUTION: A quantum well active layer has a multilayer 
structure of a banier layer undoped region (lno.o2^ao.98'^ 
layer 702), a well layer (undoped lno.2Gao.8N layer 703) 
and a barrier layer n-type region (n-type Ino.oaG^o.saN 
layer 701), formed sequentially. Concentration of Si is 
set not higher than 5x10^^ cm'^ In the barrier layer 
n-type region. 
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(54) [i8wo^«j!] mf-^wmm^i:tf^t\'&m^^ft^m{^mi'f3.iE>zfizimmiii'(o9m^^ 



(57) 

(lno.o2Gao.98N)i702) . (T^K-yin 
o.2Gao.8N€703) .ti J: n M^i^ (nMlno.ozGa 

0.98NS701) it^z<r>mx-ifm^ftfzmmm^t-ti>, m 

MSnM^lfiOS ijftft?r5X 1 0'» c m-^liLTfci- 




J 

l/mmm^K [x, y, - (x+y) ,2] (x. yiittit. 
2 «^ L T ^ ^ 4^ #P «3i -e ab o T . 

^^nmmmco^^^mm^^sx 1 o'«cm-Hj.T-r* 

[IS*JS 3 1 a*]® 1 i 7t «± 2 lZ5E«OS^#^«it 

6 I 1 7!;^ 5 v^-f tt^ncfB«cO»^-# 

P«3il-iJv^r, «rfBr> K-7-'^lt<7»l<^**3 nmjy. 

8 1 mncm i t^m 7 v»-rtL;o-niB«<^s^# 

PSitUiSV^T, miBnM^MIt/^O^ Si, O, G e 

^«iii:i5v^r, mfB^M^tfofriBnM^itt^rfBT 
1 0 1 n^m inm9 v»-rtL;s^mBtt<o»^ 

i^#^«itt?rfilx.. miBfi^#P«fgJ±, lll^^'ft 

?%iii*ft:;5-c,;i^#Fei5J:r>W^^^^ [x, y, - 
(x+y) ,2] (x, y (±ttitOIgm-e* t) , 

m •C'«$ti*igfS*ii:^i6jtc^i:{c«SLT^t), msB 

-fmm.ti^^. friBnaiutco/p^tftitSA^'s X 1 

0'8 cm-HJ.T-e*)»), hJIBT^ K- 7'«it±{:«rlB# 
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mn^-m 1 2 ] 1 1 t<-~mm.<r>^mvfmi-^^ii^^ 

X. mUnmmi$L<7)T-m.^Wi^iin X 1 0'^cm-HJ.± 

1 3 ] iS*:^ I Itfzitl 2 HfB«<0#Sff 

1 cm-^^mx-^^zti^m.t-ti>^mi^m'Fo 
im^m 1 4 1 matm 1 1 t!;^ 1 3 v^-rti.:*»iciE«<o 
izio^-x. mimm' 1 1 1 mmifnn^^i^m 

m^m 1 5 1 1 mmi 4 \.^-rM^i^tm<r> 
1 6 ] m^m iijbmis ^^^-rMHztzn<r> 

im^m 1 7 1 1 1 TiM 1 6 v^-f ti.7)^{CfE«<0 

20 im^m 1 8 1 w*a 1 mmi 7 v^-r*v*^i-ffi«<^> 

#«#?^^t::i3V^T, miB n M^Mt^55^ S i , O, G 
im^m 1 9 ] 1 1 7!;^ 1 8 v>-r*i^^t-fE«0 

IBT > K - T'^git t oKoffijfr- n mr-m.<^iiks.:dmm 

2 0 1 1 1 7!;^ 1 9 v^-rii./5^{;fE«0 

Ifft^m 2 1 1 JSf^ 1 1 TIfS 2 0 v^-f tV50H;fB«<7) 

im^m 2 2 1 2 1 tcfB3S<7)#2$#:^i^*SSji 

XT n M:1^*€!^cO!1*I- ^ ft^ L =5: ^5 «b HlriB n M^I« i 

ifmLfzik. «riB n a^*E?^oji«-*-x<7)tti&*#it l 
Tiii^afbt;#«ftoiif|-*-x^«i^L. -^of^, fife 

iw^a 2 3 1 2 2 iz^i^<r>^mi^m=F<7>t&m 
t(rfB#pe<off^fi6;Srpg$&-r^tr-<7>B#F^^, 30 

[0 0 0 1 ] 
50 tt«=S:filx.^c#-««:3!?^H|!|1-^o 
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3 

[0 0 0 2] 

[0 0 0 31 t>4^L, «T-#^«dS^»fflL^-:W--)fr- 

Ti^fifcT-r-S- t^^^-So HI li. I nG aN-d^fb^-SS 

^#p<7)/0 KUT-^^o t'ji-/5^*i;J: 
#;ii*en»D?tL, El 1 CO i 0 ^/>'> KWitt ^ "9 , 

MILTv^-Sfc*, »*i6ft*«S?fiSftLr Lido 
[0 0 0 4] dd LTtMS^/S^-f-STt*!), InGaN 

K - ^'-r -2) im-t)^ L If L Ifjgffl $ ft -i) (0IJ X. If S. Nakamu 
ra et al. Appl.Phys. Lett. 72 (2) P.211 )<> WMm 

ICS i K-7'*^T^ i:^B^B*i:mT-7>^1fem$*t. -con 
^^^'S^-^pgrtt-^S-^-t^ c t ic J: )9 i;-!- v*S#75^"^ 

iE?tt-i,o vxT. wmm^zs i dM*^^^l5l- 
[0 0 0 5] II 2 (i, ^ffc:^'; •>A.^#*ft:3t;^^l-Jb' 
ll2l-i5V^T, $4IISI5I±S i ^ K-rtTtrnM^ 
[0 0 0 6] (12 (a) li. #53 2 000-13388 

3-^&#(cfe«$tt/c«jir'*^o [^i&^(cj;ttif. K 
mm i^^<nmm.^if^^<r>wtm.<r> nmT^mm^mM 

m f I- *APfi/6^ii*D L Tt: •) , t mmm <^#® 

[0007] 02 (h) idXrf (c) (i^ #53 2 0 0 0 

-3 3 2 3 6 4^<^mzmm^tit:m^xi)i,o m<iiWL 
(III, Htsartics imm^^iit^-r^im^^^fp^ 

it. 112 (b) JSitf (c) <OJ:tC, :gS®*^GaM 
(c®) Oii-g-tN® (-cB) <7)^'&-r-ft'i^^*^ 

t**IE«$tv, S«M*^'6a(**'; ■t7A)®c7)^'^ll, c:*v 
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co^^fitU J; o -C tf y'^#*?**S^Hcffi:MT- § C t tS^ 
Ifi«S*trv^-5,o Ga® (c®) i:N®l±lll 2 IC^-r 
J: o ^«ii±<0ffijl?r#-r-5e H 1 2 ( a ) (nmmi)'^ 
Ga®r-*i9. 1112 (b) <T>W^^if^mXi)^o G 
a®tN®T-l±±^$jx^b"jt.v*S#<0:^[p](i*> j; 9 t" 

iStL, 02 (b) ±JJ:yf (c) Oidi K-l^>^^-/D 

iO Wl;J:*t(f, C*te)<0«iS-ei±t:J^y*m#<Of^SSr£--r 

[0 0 0 81 02 (d) l±, #gg^l 1-340559 

02 (d) (ni.ofi-f'ov r ^ )vxwwm\'~^W<r>'S> \ 
* K-y-r-ScaicJ: t), #^S«r«tf-hT<o««(ciJ 

20 S i K-7'-r^'i:-^*^ab^c RI^^oa^Q 0 1 0 ic 
li, G a N(OJ#-&, 1 0 1 9 c m- 3 Jijl±co Y--fi)t.^. 
ST'*^ *Jfetaj|Ci5V^-CI±2 X 1 0 1 9 c 

[0 0 0 91 02 ( e ) (±, #IB 2001-10262 

l±, 02 (e) cOid^TV K--7''^i^CiiiO^~El-n 

Sif b * ? I * i i- i t ^ < JilI:^r6]^)E >&fiMT- ^ i: ? 
tt-rv^^,,, L*^L^;««t>> c:*v<b<o«jiT-iitriym# 

[0 0 1 01 

#:?!?^ i t 1 6«J t -r *o 
40 [0011] 

[|«S^)S*-r-&;t:*<7)^Sl :*:||^icj:*t{f, 111;^ 

- (x+y) , z] (x. y liffi;g<?)^S:Tab , 2(ii 

xfi^i\-^^^m5^K^-s.\z.mm\^xt£hv^ 

? tty-c n a^it t T > K- y^J* t ?r-^*^, WIB n M« 

it<o;rS5E!i%iSS75«5 X 1 0 1 8 c m- 3 jiHTr-* t) , m 

IET> K-yffllt±(-«rlE#Fe;4^~ff^fi6;$*v, 
± IcmiE n M^ltTS^BfiE ?*t;t^t*#efct-r^ 
50 ^«it, 7!>*»tt$*t4o t7t:*:5l?gi=J:ttlf, 



5 

1st, ^<^±t,zfm^nfzM^^Rm^timx.. mriE 

Xirmmm^K [x, y. - (x+y) , z] (x, y(±fiE 

§ ± BlrlB n M^gitTi^ff^fig $ C t Sr !|f m t -r -5. 
[0 0 12] ^§tmizXixl£^ T> K-y«llc±t-#^ 

[0 0 13] ifz. ^wm±izmm.^*ifcmmm<^nm 

±(Dmmmi.zs i * K-y-t ^:^-ftt Lri±. ^f^¥i 

1 - 3 4 0 5 5 9^;Sitct^^$ti-TV^-&7j^ CtLli, 

f±R*S^I*10^*Et/ift«^r 5 X 1 0 1 « c m- 3 J,:]LT 
«rffi#S¥l 1 -3 4 0 5 5 9^#{Cf£|S$tL;t7p: 

IC J: ^ * ^ U r *ai5rfflI*IJ-t-'5. C t *«-C -5 t Cj 

[0 0 141 *«egt-j:*t(3r, Ji)i±co«figoffl*f-^ffltc 

J: 19, ffitteo$SSi14trA«f{i«Hf LOO. 

^ o 

[0 0 15] *l&Wl-;fev»T, X, yl4ffi«OSSc-C-* 

O^B^Bl4^^SFtc«» Loo tfjc v^#<Of^S^^^H 

[0 0 161 ^^^(-iiv^T, mmmtii^psx n ^> 
[0 0 17] ^hi,z:^^mizxiti£. ±m^mi^m'F<7) 

l>' n ffi/f:*E% O L «b miB n M«*S «r 
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fmLfz^. friE n M^M^ <75 X <;) ttia ^ f^jh L 

Tiiii^Sfbt»¥«^^«o)!f.t3|.*"x^:tt*&L, ^<om. m. 

[0 0 18] #P§fi£;«B#UnM^*E%;&*«A$*t^ 

i&7fe^5?36^*L<fiTL^i-v^o ^fkmiz%;hmm 

10 ^.t-/)^X'^Z>o 

[0 0 191 i«oia5t:^-strj3v^r. #fiS?-#^«jt 

nM:i^M^^OJg*^*'>^coflt*&^1s?itLT5&^'b. «riB#^ 
S<0ff^«?rra$&-rs*T-<7)^ra=£:, 3 O^raBLitf-S. 

20 -Tn-fi^h^^<r>TMm^ntx'(Dnmi. 3o#ww.± 

nM^*E^OiIA«:*!j*Wt-E*jh-r'&C:i:*^-ei^o ^ 
0^?ihB#P^(±, ffSL<(i6 0#MJiJ>±, S^>»4L< 
(4 1 0 0^J'-r^J^±t-r-S.o CT-r^^i:t;J:or, fiKft 

30 itm^. Mm^mzmm-t^^ti)^x^^ ttz. fet 
mmz^mLfzim. %itfz^imT^i-^^-f:hz.tf)^ 

»K ^ # -5. i6 C l4#»<0nM^*Et» ?r i^inl" -1. -iJ-^ 
[0 0 2 01 

nM«i^<7):i^«iE®jftJS ^ 5 X 1 0 1 « c m 

-smrtLTv^^o ^9-t-2>c: ticj: iSttSo^ 
S«f LOO. t: y"^#(75f^S$r®M L, 
«*x/c%3t?c&?^*«:KL-Cv-^o nS«lt<7)/F*E^^jftK 

50 T-r^o nmpffmsm.m.<r>Tmii. smtit^i-i&CT 



7 

L < ti 1 X 1 0 1 ' c m- 3 JSJL 
±, J:>)«FiL<(±5X 1 01 7 cm-3JiJ,±tf -2>o 

zt:^^r'^i,o ^;J3, 1*1(75 /p:*E!|^ig«i±. /ct 

[0 0 2 11 3f:|IWl-i3V^T, #F@itTco«*SJ±r > 

10 0 2 2] *l&W(^#^l&*^^Offittei±, 
Loo tfiVmi^Oi^S^ 

J:i9^^i:^:*o #^fi*?#F«jt ^^ffl-T-^.*!^ 

10 0 2 31 *ffeWlC#-5>|fe5t3fl^ti, B^eT> K- 

*>J:vs 7ti:A{f#p^i:l$MSnM«^i<7)Wt;2 n 
miJlTOT > K- LT i J: v^o 
[0 0 2 41 *^^{;i3V»r(i> #P^01t±<75lifMJS 

r% #p)l<7)it±2nmW|*Itc K-T'-r.?. i:a*6«;T-*) 
[0 0 2 51 KM§'^j£<^ffiL;ti&i!iriai5:l±liI3 (a) 
[icil 

h 

X = 



(5) 2003-229645 

5 

r'-^x.'bn-!>o wCOt #h(i7'7 >^'^&(6. 63X1 
O-'-iJ-s), mii«^co;tJ*Sl: (1.82X10-31 kg)> V 

27rV 2mV 

70 [0 0 2 61 J':]L±cr)Ci:;6><b. #pg<0it:±2 nmliLrt 

^c^si^tKli5:t±^3 (a) oi^icitiSMiBcwi-jiSi^-r-i. 

[0 0 2 71 *5feWt^iJV»T, T> Y--fW^<r>m^ 
20 (±, fl^4 t < (± 3 n mJiJ.±. J: «Pf L < (i 5 n tnJ-J^ 
±, ^f}^* L< l±7. 5 nmJ-:l.±-e*>-£.o IP<^0±PI 

[0 0 2 81 t/i^ nMffll*<Off<;^(i, ^tftL<i±2n 
Tii, UtL<\t\ 0 nmiy.T> J:»5iiftL<(i8nm 

[0 0 2 91 :$:§l^tCiJV^-C> n S^lt t T > K - 7"ll 

m^^t>^i-zwm.m^i$-<r)nm.T^mmwtmt. 3x10 

[0 0 3 01 2^§l?gt-i5V^-C, *«(±, «^<0^j<OirJ^ 
ffl-rSC:i:35st?#^o fwi:x.{f> GaN, A 1 G a 
oi I im^im^^^W^. ^7T-(r. S i C, M 

50 tzm%. mi^Lfz xoi-s HZ X h^itm <7)i^^s,'Sii!)^ 
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^«i:LTI I I^fl^tt/#^#:««^fflv^ Ciit. 
«r*-r -&*^#FfS14S t *M<i^'^to*-5) t J: •) , 

[0 0 3 1 J ±|B8l.ir.*^'b, Ill^gfktl^^^^^W 

US^-fFIELO (Facet-Initiated ^itaxial Latera 
I Overgrowtli) *^)VM±--«>T'>f ^xtfj':*^ vfe^{r J; 

[0 0 3 2] (F I ELOft) •^7r^T^<7)*«±tc 
»v»GaN*ffML., ■e<^±(C>; h 7 ^ T'^^teo S i O2 
-7:^^'*fM-t-'i)o -^X^-MPSCICG aNSrSiR«:^|6] 

74*t#c>ti-2>o ::*T-f±$Kfii:**~S i 02-7:^i7Ty'a y ^ 

tfibtu;z.^%T'*^o riSffl^a lie 8 

^7-^ (1999^) m? 7 4M~»7 7 9 KJ ^ 
(•^ > T'-f * j:- e ^ + vft) 3i«±{Ift?a/'t y 7 r e 

fTsvetankas.ZFielevaet. A 1 . ; MR S Internet J. Ni 
tride Semicond.Res. 4SK G3.38(1999)J l^(I§efg$tt 

[0 0 3 3] 1 1 \mmim^^mi^^^<7)mm^i^L 
[0 0 3 4] 2|s:ii?gtciJit^ n I im^it^^mm 

l±, -iiS^ InxAlyGaN (OixSl. OiyS 

[0 0 3 51 *iiwtc«^.s^^#Ffli^(i> 1 1 \mm.it 

(x+y) , z] (x. y (±ttl;0^|5:T-* »5 > z(±g^. 

*-r-5o 7ttx.if. '>;i'';'ataoigia«issr*-r^iii 
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70 

m.mm^m.ii?-mx'ii-ox. m^mWL&mK cm-^\^. 
-r^^-t> [0 0 0 1] ■^n<.~iEff)}k^i^-ri>^m^w-m 

xjf, m.itif') i^^.^mwim<,zmfix\t^ ( i - 1 

0 1)®. (1 1 -2 1) lB^5r^ft®i:f 

[0 0 3 6] z.<r)s,n^£m¥B^&m<r>m^Ht. fztx.ii 

/O InxAlyGai-x-yN (O^xSl, OSyS 
1) i'M^L. cm. 1-^t>*> (0 0 0 1) S^^B^B^ 
Wmt LTtJ^-^. «S®(±I3 1 2 {c^i-J: T {CG a® 

(c®) t^^.o wmm-h^^-^t-^j^hrnx'^^t-^mu-^ 

®/:tt 4r j:- -y ^ > Vfi,^ t HmhiX-XU ^ , itL^ffl 
v»^Ci:lcJ: ») G a® (c®) 7>»N® (-cH) i}^. # 
20 m~m^-th^b i)^X # ^ o -Ca^i- h f^Fn 

mi^^^^mii^mt-fi,tzib{z\t. ^B^Bft«*«. * 

ic, C®. i-;tto*> (0 0 0 1 ) ®*ISB^Bfi6;S®i:i--2. 

[0 0 3 7] ^pmt^i n^^tsmmz^m 

30 iiS::iL^-f^-^:Lt-bmhfix^^i>o ^(r>tzi'>m.l-^p 

^^vm.wtKxz>i'^mt^m'm<>x. 
**?gnj:*t(f. z<r>x.',tiWSiin^m\<znm-^^. 

t^X^i>o 

[0 0 3 81 3^||?§l-fcv^T. nM^*E%Ji. Si. 

n tz-ttt(f , y^j^^/m^^zi.:b%imm<r>%rnmnK 

[0 0 3 91 *flWi;i5v^r. Hc»e*<r)nM«iSi:r 

[0 0 4 01 

50 [lliS0!ll <|liS09l > II 4 J±3t:f|W(C^^ I II - 
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II. l¥$40nm<7)fg:iaGaN/^y 7 T-@402, W-^\.bfjL 
mOnffl GaNn^iJ'^ hSAOS. 1 mOnMAIo. oyGa 
o.QsN^-^ y ff^^O. 1 ^ mcT^naCaNTfe:^^^ KS4 

05. il^3nmcOlno.2Gao.8Na:^#^@ ^)¥$^10nmCO 
I no . 0 2 Gao . 9 8 NKS^ ^ ^ SSffl <0 ^»m^ 

406. If: ^ 20 n m (OpMA I o . 2 Gao . s N ^ A-y T'ii 40 
7. W^OA fx mO:>pm.(^^nitif K§408. /¥^0.6;t/mO 
pMAIo.o7Gao.93N^^ y K)1409. ^0. 05^ mOpMGa 
Wu>9^ Ym^^O. Ni / Au02)l#S;6^<b^'S)pSffi41 
K Ti / AI02B^JKnSS4127&^ffM^ttTV^^o [114 
tli^v^T. pffl^ ^ y Kg409hpffln > ^ ^ h^410{iJi 

y > ^'tl J: o X^ZfjL m<D7.Yy^ v'^^cO U y v«5t4 
ISUSDX^n. U >y v<7)IIffi«:|lfev^Tf^^$n/jSI02K 
414tcj:oTmffiS:"J y vgB^5^<0«;^U3^5t LTv^^o S 
114 HioV^T. J^^y'f-yVK^ J^nM GaN3>^^ 

h@403^Sai$^. 'e<7)_tMtln«ffi412«rfMLTv^ 

[0 0 4 1 ] lll4C7))l«jtC0X®Uov^T|ftWi- 

(J^TMOCVD)^fflv-/^o «SE:^ii*##g0^ft<7)i- 
--^rO^JS-eiOOTorrt Lfsio tfzVmTtm^mW^tX^ 
TT>^^TaJ.TNH3)4r. 1 1 1 ;^7C:^«$&?il ^ LT h V 

V a ^ > ^ V ^ ^> V ^ A (J^T (EtCp)2 Mg) > 

tt<^vu >r-SJS*-io'C. 20t:. 30t:hLT. ]±-hi 

'r'?>^f7T^T^«40l4:l3:gL. ^^^H^TTIIOO 

500t:tL. TMGSsccmS. O^^NHalOs I m ^ ffi^a L T y T-f 
T ^401 Ji 40 n m <7>®iaGaN/ ^' y "7 r - JS 402 ff^ fiK 
Lt'co ^^(::TMGOft^.&^4'itt. ^«iaft^l100t: ^ L 
/^o ov^-rTMG15sccm, Y-/^> Y t LT<7)SiH4 5sccmJl 
miH3 lOsI L T*«_LtIII 1 . 5;« mOnSGaNn 
b«403«r3gfig:LfCo ^?>tC. ^«±lITMG15scc 
m, TMASsccm, SiH4 5sccinS.CKNH3 10slm^tt$& L. 
//mOnM Alo.o7Gao.93N^ ^ y K§4045:. ov^-CTMGI 
5sccm, SiH45sccfnSt>>JH3l0slm?rffijf&L. ff^O-l/^m 
<^nSGaN*:^r>f KS405SrffML/::o oi^tl, S«401<7) 
iSK^SOOruiS^L. TWGIOsccm, TWI50sccfn*> L < (i3 
Osccm. S i H4 SsccmR LKNH3 1 Os I m ^ L T Ji 1 1 Bil? 
3n mOlno. 2Gao. 8N4^-#^e iilSHSn mOlno. 02Ga 

0 . 98 NK^e <7)3mm^^ ^ ^ #mfi?-#^«sffitta4o 

[0 0 4 2] #«»^#P«jiffi14S406OB 
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S^800*CHl^i#L. TMGIOsccm, TMI30sccm, SihUSscan 
5:OT^H3l0slm^tt*&LT2. 5 n mCOnM Ino. ozGao. 98N 

flfeOJ!g#Sr100S?ratt*&L^tt> 7. 5 nmOT > K-^l 
no.o2Gao.98NlSMS502^ffM't^o ^ tlTMl <7)ft|&l: 
?:50sccmtIli4L. 3nmOT> K- ^ Ino. 26ao. 8N#P 

> K-7'lno.o2Gao.98NJS502'r*^?-Ti'>So &s±<OX&^m 

iO 10 0 4 31 J: ^ {lffMt/::i&14g406JimMG15sc 
cm, TMASsccm, K-/^'> h t LT (EtCp)2Mg 5sccm®:t)1^ 
H3l0slm5:«*&L. I?§20 n mOpMAIo. 2Gao. sN^ -V y 

y^m 407 * ff^^ L o o V ^ 'e*«40i o ias * 1 1 00 1: (i 

f#L. ^1R±(CTMG15sccm, Y-^^> Y t L'C(EtCp)2Mg 
5sccmS Xfmz 1 Os I m L Tl? ^ 0. 1 m OpMGaN* 
if^ K«408«:ffML7t:o ov>T*TMG15sccm, TWASsccm, 
K-/^'> h ^ tr (EtCp)2Mg 5sccmS.r/NH3 10slm^ft?.& 
LTpaAlo.07Gao.93N^'^ y K@409?:ffM L^'wo o 
UTMGl 5sccm, (Et Cp) 2 MgSsccmS mJHs 1 0s I m 4: 
20 ttl&L. ff^0.05;«mOpMGaNn>i?':5^ Mi410Sr5K^ 
L/sio ^Of^. ^«401 J: 19^3^*9 mt. ^ y 

J: J5pMAIo.o76ao.93N^ y y K@409^pMGaN 
ri>i5^^ h«410S:$S3;/mOX h^-f ^ vS:iS 

413(lSnXL/::o ?'b(lV y vOlggp*|^v^TSi02M414 
"tmf&L. Ni / Au0O2g^^:*>f>^;|)pm«41lSr*^^ 
^ti<t i^ff^SiLfCo i^si. Ji^yf->^'iiJ: »9nM GaNn 
h«403Srgffi^-^. -eoXBiZTi / AI<7)2S^ 

10 0 4 4] »ib:K7t:#^ftl/'-^f<7)S14g{i. I^Me 

xh^fzo 

Wmmry K-T^HM (r > K--7"lno.o2Gao.98NeS 
S502) :mW7. 5nm. S i itS 1 X 1 0 1 ' c m 

#^J1 (r > K--/lno.2Gao.8N#^S503) rSHSn 
m. S i Wim. 1 X 1 0 1 ' cm- 3 
KMSnM^Jt (nMlno.o2Gao.98N»M^501) \ 
2 . 5 n m. Si «JS (^i^fl) 4 X 1 0 1 » c m" 3 
40 S i ?mjS(i S I M S (I J: *9 S?^ LTtio HI 1 1 (i:*:|IJSM 

<o t(Dfzib. 01 1 Ui3V^T^>Si;6^WMiia:TO#P 
a 1 1 i -e S A L T V ^ ;S> J: ^ H ^ X, -5) Tin ^ *S * i: 3t o r V ^ 
'i>:<>N *^tI(i#P@ (r > K-yino.2Gao.8N#^S5 
03) Oii:XO<^tC©J^14A< S i ;6^^K-y$tLTV^;z>o 

[0 0 4 5] ±mtmm(0'fu^xx^mi^mi: 

50 ^«L7tl^3l4i::ov^T'!7J!^'y f y ^ > iJ^liJ: .^W^^fF 
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COSOftBiiG aM (cM) V$>:h :i t-f)mU^ 

flfZo 

[0 0 4 6] »fUov^T. ^it^ 

ffili 1 Oa.u.. f§7fe^^ii0. 8ns-e*)o/s:o 

[0 0 4 8] tfz. mmm<r>o-ib^^mm.r<Du^i^z<:> 
r<hL. ^B^l!tcorfi]±4riiiorv^;?)o cor^K-ys 

[0 0 4 9] nMlno. o2Gao. gsNFt 

SS5 0 I tr> K-*7'lno.o2Gao.98N^Mg502<^z:tt 

^^^ztiizx<:>xi> mm<om^i:^i^^ Z t i)^X ^ h o 

[0 0 5 0] <^mm2y m&it:^mMmK%h\\\'~ 

vmmim^mW''^-^(r>mj^m;mmx^^o netii^ 
v>T. z<D\\\-vmm.im^m^\^-^\t^ m^mm 

t^:hW'^ZZOfx m (7)naGaN*«601 AlKV- ^m^i)^ 
^^tiTv^^o ::<7)nMGaN»«601(i. mfJaEL^cF I E 

X^^^^fzJ:^y^yVydy V (Omm^km^l^fzt Z 
SM$Ee^«;6n 0 81B/cm2*«-eS)o:^^o ^« 

[0 0 5 1 ] trna6aN^«601±U. 11^1.5;. mOn 
M GaN)l602. V mOnMAIo. o7Gao. 9 3N^ ^ y YM 
603. li:$0.1^mOnaGaN*:*"'f KJS604. l?$3nmO 
Ino. 2Gao. 8NMT*#P"@ 10 n m<7) lno. ozGao. 98NK 

se^^^'b^^ss^o^siT-^^^itffitteeos. n:^ 

20nmOpMAIo.2Gao.8N^^ *y y)l606. IP^^O-V mO 
pMGaN*:^*>r KS607. paGaN*:**>f KJl607±tlfM$ 

tv. :^rS]ooitig2;«mox b^^-z^iciapgiseis^ifo/::!? 

$0.2;t^m<OKf(:^^-7;^^608. K^kS^-^:^ ^608± 
i^illR6lJtCf^a$tt/cff$0.5^ mOpMAIo.07Gao.93N 
y KJS609. Il§0.05//mOpl!GaNn>3^:5^ hW61 
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0. Ni / Au<7)2^#S;6^<b^-2>pSM61K Ti /AI02@ 
#^nmS6127&^^ffM^^Tv^-i)o [16tlioV^T. nMGaN 
^«601 cr>mM \Zr\mM!o\ 2 ^ ffM U T v > ^ o 

[0 0 5 2] *si*e<^ffMxfi(cov--cgiw-r 

'^m^wmmimz\tmoi\>^m^^fzo WLm±.'n\i^^^ 

TcO^itTIOOTorr^ LfCo S V:K7cStt*&?l? ^ LTN 
H3 ?r . Ill mjt%m^M t L TTMG. TMA. TMI . (EtCp)2 

^-iaS*-10lC> 20t:. SOrtLT. E:^/760TorrON2 
10 X/<r')>y'thZt{z2;.^^ ^OiafD^^^R^Dl^l^ 
(Ctt«&L7to S-r. S/Sl?!*! tic® nMGaN 

v^-eTWGISsccm, K-/>'> h t t TCOSiH4 5sccmSO^'NH3 1 
Os I m ^ #t L T mi± H $ 1 . 5 m O nMGaNS 602 ^ 
^L/io ^±tITiyiG15sccm, TMABsccm, SiH45 

sccm:atKNH3l0slm*tt$&L. fx m<r>r\m Alo.07Ga 

o.93N^ ^ y KSeOS^. ov^-TTMGISsccm, SiH45socmS. 
C/NH3l0slm?:W*&L> J¥ ^0. V mCO nMGaN* Kg6 
OAmmLfZo NMG aN»«601Oiaft*800 

20 X: \Z%^ L . TMGl Osccm, TM I SOsccm ^> L < tiSOsccmS 
NH3 1 0s I m L r ^« Ji 1 1 n m O I no . 2 Gao. 8 N* 
^ ^ mM 1 0 n mO I no . 0 2 Gao . 9 8 NKMS O 3 jgftl 

10 0 5 3] ^m»T-#P«^ffi14@605Of^ 

1K601OiaS^800'CtwlSi#L. TMGl Osccm, TMI30sccm, 
SIH45sccmSt>T^H3l0slm*ft#&LT2. 5nmOnMln 

o.o2Gao.98NS701*ffMi-^o ^J^(CSiH4 Oft^&CO^^ff 
itL. 1tfccoJ[lfl'^100t>ratt*&L^tt. 7. 5nmOT> 

K-yino.o2Gao.98N®7025:ff^^-t'5>o ^hK'm\<r>^ 
«&SS:50socfnmtSL. 3nmC0T> K-yino.2Gao.8N 
e703?:ff^)$:i-^o COXfl*3Sffl^*9iIL. Sf^liT 

> K-7'lno.o2Gao.98NJl702'C|?-T't"^o J^JL-tOrgftil 

[0 0 5 4] o^-tcg^^priSiSfStteeOSJiHTMGlSsc 
cm, TMASsccm, K-^n'> h ^ LT(EtCp)2Mg SsccmS^Bl 
H3l0slmS:ft^^L. $20 n mOpMAIo. 2Gao. sN^ ^ y 
rfm^OS^l^mLfZo ov^-CNMG aN*«601OiajSSr 
llOOmigjf L. |g«±U-™G15sccm, K-/^•> b i: L 

^0 r(EtCp)2Mg SsccmSOT^HslOsIm^tt^&LTJP^O.l// m 
OpMGaNTfe:^^^ KS607S:ff^^ LfCo o ^^ig^jt^^-^ 
XiJ^eOS^rffMLTto i-TNMG aN3IS601«r^iatT 
^i^m\^fz(D%jSL^mm.^-hWL^^\^. :$^^fitcj: 
*9^iP0.2/im(7)^fl:S^|g=^?F:J^LfcO-t,. ^^hU 
WyV XmJkVF:^ y ^ > ^'Xfltl <t o TiliS2. 0/. m CO 
BgpSP613S:fl^S8:L7^^o ^Offe. WO^'NMG a N^ISSOl 
^^S^Stll^MLTllOOrtlSP^L. TWGISsccm, m 
5sccm, K-/N'> b LT(EtCp)2Mg SsccmS. OTJH3 1 Os I m 
Srtt^ LTpMAIo. 2Gao. sN^ ^ ^ Kil609^f^^ L/Co 

50 o^llTMG15sccm, (EtCp)2Mg5sccmS.t>*NH3l0slmS:tt*& 
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ff$0.05^mCOpMGaN3>^'^' h)i610?rffML 
MG a N*1g601<7>*Mi;Ti / Alc02)g^JK>6»e>5rSn1g 

[0 0 5 5] nhi\.tz^^wyy-^(^x^^mi.t. wm.m 

> K-y^l* (lno.o2Gao.98Ng702) : g)P 
7 . 5 n m^ Si iftJS 1 X 1 0 1 7 c m" ^ 

(T> K--/lno.2Gao.8Ng703) iSHSnm, 
S i jgjS 1 X 1 0 1 7 c m- 3 

f$SSnM^M (nMlno.o2Gao.98N€701) :€I^2. 
5 n m. Si (¥*^J^) 4X10i«cm-3 
S i iSSli S I M S (c i iM€ L/io 
10 0 5 6] i/:> ±|fitR«oyn-t^-eiti#^S^ 

illi*ffv>, pSGaNri^^i' h ^61 00^14 ^rP-^/t t C: 
c:o)B<^*M{±G a® (cM) t ;Oq«S.$ 

[0 0 5 7] :^mmm<r>^mi^u—^'i,z-o\,^r. 

S(± 1 2a.u.. I&3t^^t± 1 . 0 n s T-*>o7t:o 
[0 0 5 8] :$:*i401I-ei±, nM^M^^^ 

(tactic J: 19, 5:tD^rtffl^fiS;ft^ac0E«=|*l(C5t® 

•r. «D=nS^r#F8**# "bit-So iOig*. ±ie<OJ:d 
[0 0 5 9] ttz. I^M^O^ *>#P^ilTOgP55-i;o 

^«ft L T ^ , K - -fm^Jm l-^it L /rfte^att 
[0 0 6 0] $e.t;3^*jfe0ijri±, ^B^B;3SSTM^«t 

LT, -BlKfi^-KONMC a N*«6 0 1 ^fflv^Tv^ 
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^ o 

[0 0 6 1 ] ^ib\ :*:|IM^JT-(i. nfflvF*iE% K- ^"^7 

10 ^^%^:Lti)^'<:^ho 

[0 0 6 2] <JtK0!ll > ^it^J2. [ll6(l^L/c#^ 
#:U--»ftZ:feV^T. rSISSOS i K- > ^ T'D "7 r >f 
)Vim2 (a) . (c) (e) <r> i^X^fz^m^ 

[0 0 6 3] l^*4aii. 1112 ( a ) O nM^F^EI^ K- e 

> V-fuy r ^ }\^i:^m\.fzi^(OX-^^ ^ WmMl 0 n 
m. 3 nmt tTv^.i>o 

[0 0 6 4] W«b{i. 112 (c) CO n S^T^Mt; K - tf 
>^7'n7r ^;^4:*gfflL/::^>0-e*i9. liESS 1 0 n 
20 m. #JPJ13 nmi:L. »S« T > K- ^aJ*?: 5 n 
m. nM^i^?: 5 nm<h LTV^^o 

[0 0 6 5] iS;«c{i> m2 (e) O n M^T^M^ K - t: 
>^7'n-7r >f ;l/*i*fflL/v:*)0-e*f}. WmM 1 0 n 
m. #j^^3nm^L. It MS T > K - T^^it 5 n 
m. KS@nM^lt*#2. 5nmtLTV>;|>o 

[0 0 6 6]^f|-a, ^XXfcKU\'^X. Wmmr 

> K-7^««-e(i S i «K 1 X 1 0 1 7 c m- 3 ^^jg^ 

nmm nmwMx^t s i «k ^ 4 x i o ^ « 

cm- 3 t LTtio C^i-o #^^Li:T?:T> 

JO K-'7\ #^SlE±^nMK~7°L7t;^M0iJ2(7)«:g^ 

i)^^^hi)^\Zt^-:>fZo 

[0 0 6 7] <lt«C01l2 > ^ttt^J2. 116 tl^Lfc^^ 
#:l/-Hf tI:fev^T. ISMSnS^it (nM Ino. o2Gao. asN 
S701) O S i »S (Ti^fi) S: 1 X 1 0 1 9 c m- 3 

tv.fzmA^i'^^ ' mm\^fzo ^s^^^iu^-To 

[0 0 6 8] 

40 mw 
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17 18 







/ a. u. 


ft^mfH / ns 






9. 0 


0. 6 


iscMtm 1 fan b 




3. 5 


0.3 1 






4. 3 


O. 37 






1 2 


1 . 0 






8 


0. 6 



[0 0 6 9] <##CT> 119, 01 OiJ J:(/Iill 3 
ffW— if^rf^mL, PLUifer^S 

-) m^rf^itmm.im^Ltzm^'kTf^-tirvy^h 

hi>o MI?3 nm(7)lno.2Gao.8Nl:d^ 

1 0 nm<Olno.o26ao.98NBcS«<^3fflX8;i^ 
<b5:^«!StL, »il«^Bt:S i^rK-^L/tio S i 
iftSliS IMSlcj: fjffiiJ^L/to ifz. PLjffl^coSftfept 
?im±, Kn -y ^'Ti:Sapphire^-■^f<7)»z: 

'>:^P^fe(SHG)(370nIn. 80MH2, ¥*t;aj;(j5mW)?:flav>/Co 
[0 0 7 0] ia9{±, SiiftJStl&jtff^^ORIffiS-^i-^'* 
9 7T-*^o Si=£r5X10'8a„-3?:^x.7t:iS«T- K- t:> 

^^'S^-fbi-^*^ -?-<755?{i:^i±5xioi8cni-3-ei&fn-r^i 

(0 0 7 1 ] m±<Oit;i^f>. Siift«^Jg5< L-rr^t 

i ;p J: y-'^l*® JS**® T-r ^ w i: ? it 

[0 0 7 2] ±ie##Mi;^-r J: ^ t::, KMS^Mt- S 40 
i K-rLTtfllitT-ti, T:fEt;iftJS4: 5 x 1 o i » c 

^*E^ jftit i§5 * T ^> ^im^*^^T-r^ z t i^mm ^ 
-r^t>-t,, #p^ii:±oeMei*ico^^%jgs^ 5 x i 

0 1 « c m- 3 SJSt-t**li0!l2 T-{i||^SI)^<oeS:« 50 



1X10 19 cm- ^ mm t-r^itmm 2 X'li^^n^ 

^m.itLtZo 1 X 1 0 1 9 cm-3 ^®x.^^*E^jft« 

5 X 1 0 1 8 c m- 3 j,j,-frt LTV^^o 
[0 0 7 3] <||*fe0!l3 > Ill8(±:$:||?g{;#-5.ll l-V 

®ir*Ht-f-*)S§330// m<^-9-7 r T*«801±tc, 
)l?40nmrofiS:j£6aN/< -y 7 r -^802. )?[$1.5/^ mOn 
M GaN3>:?'^ ^^803, )¥$4// m<OnM6aN^804, )¥ 
$7.5ninc7)T> K-7'GaN§805, ffS^SrmOlno.aGao.sN 
fg'&SSOe, i¥$5ninOnMGaN«807. if ^SOnmOpMAI 
o.i56ao.85NJi808. )?$20nmOpMGaN3 > 5' ^' h^80 
9, Ni / AuO2S^Jl:d^<=j^^pm®810. Ti / AIC02@ 
#S^^<b^'2>nl|M81l35^ffM$itt:v^^„ li!8t;iJv> 

J^yf->^t-J: fJnSGaNnV^'^' he803«:tltB$ 
•tir, -?-co±®tZn^M811^ffMLTi/^^„ 
[0 0 7 4] |g|8 0S«itc7)ietcov^rUi?g-r 

^xffymmx'mTorrtLtzo tfzvmytmmf^mtL 

TNHsSr, wmTtm^^MtLXTm. TMA, TMK (EtC 
p)2Mg, SiH4«:fflv>, ^tK^Stcov^Tli-ett-eti-O v 
'J V5^-ia««:-10t:. 201^ SOrtLT, IE:^j760Torr 

«l*Itc«*&L/-:o S-r> RlL«l=l*li;C®?:^Mi:-r-&-<f 
7 T ^' T*(S801 ?r^S tK^^H^TT-I 100*0 l-JD 
3fe^*®<0?t^«:ffo;to •^i::*^gia)S«r500t: 
i: TMG5sccm:!imJH3l0slni5:tt*&Lr-^7 r 
801-hl-40nm<O1g:iaGaN/s -y 7 r -S802?:f^^ L/co 

v>-CTMG15sccin, K->'<> h LroSiH4l0sccinSJ>'NH3l 
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0slm^ft*&LT^1S801±tlll$1.5// mOnMGaNrr > ^ 
^ h^803^S^L/Jo S1S±UTMG15sccm, Si 

H4 5sccmS.y^>IH3l0slm^tt*&L. I¥^4^ mOnMGaNesO 
^mmi^fZo >k^ZS\y\A<Dm^<r>^iW±\^. TMGISsccm 
Jlt^NH3l0slm?:10O*J;Pfltt^&L^tt^ ll$7.5nmOT> K 
-7'GaNS805^ffML/::o -eof^, ^«801 OiaS ^800 
t: fSif t . TWGl Osccm, TW I SOsccmS. XMWi 1 Os I m fit*& 
fCMl¥3nmOlno.2Gao.8NfSttii806^ffMLyt:o 
tc. TMGIOsccm, SIH4 5sccmS.^^'NH3l0slmSrft*&L> Ip^ 
5nmOnffiGaN^807 ff^^ L Ttio 
[0 0 7 5] ov^T-if7T^T^«801O2aK4:1100t: 
Uf^ifL. TMGISsccm, TMASsocm, K-/^•> b t LT(Et 
Cp)2Mg 5sccmS:OT4H3lOslm^tt#.&LTpMAIo. isGao.ssN 
)l808*fMt7l:o oi^^iTMGlSsccm, (EtCp)2Mg5sccmS 
t>^H3l0slmS:tt*&L. l?$20nmCOpMGaNn > iJ' ^ hS80 

i / Au(7)2^^J|;^-^^^pmfi810^K^^lrtiJ: 

809S:Sai$-li:> -?-0±®trTi / Al OZS^JStS-^ Jfc;E»n 

[0 0 7 61 nhtifz^itv^ Vit. ry K-yGa 

N)l805/?gftt@806/nMGaNS807;6^^C (Dmr^mm Lfzm 

r > K-yGaNg805 : eff7. 5nm. S i iSS 1 X 1 

0 1 7 c m- 3 

fS14a806 : S!? 3 n m. Si iftJS 1 X 1 0 i 7 c m 

naGaNJi807 : mm 5 nm. S i iSkSt 4X1 
0 1 « cm- 3 

S UftJSiiS IMSU.t >)aj^t/::o 
[0 0 7 7] ifz. ±feh|WI«co-7^n-bX-e^*#:^^ 

mi'n^\ p m GaU::t y ^ YmS09(DUit ^m^fzt 
c;!>. ClOJlO^MfiG a® (c®) X-^:bZtf)mU 

fZo 

^j:<. m^<Dmm:^'^nmr-$>^o fzt^i^. mmmr 
y h'-'fmmt^wm(Dm'^. ^pmtmmmnmmm 

[0 0 7 91 
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f^l^^fg:ML> ^fifz^^^m^k^-m-h^^tt^X*^ 

^ o 

[ml I nGaN3&^?>^'Sl:^#P<0/N'> KH-e* 

10 2] fi£*iSltf(ciJtt'5.. #FrgOnM^*EtJ K-tf 
> ^^•:/o 7 r -lu ^rS^-f-H-eafe * o 
ins] 2^l6?^^;i3tt^*^#P<0/^'> KfltiiSrm^W 

[13 4 1 *lfe?gu#-5iii-v:^igfl:!fei|i##:u— »f<o 

[US] ll4l-i3tt;S.#£fi^-#P«iifS14ecofl}di«r 

«ti»&BfMiaT-*;|.o 
[13 71 ll6tzJ3tt*#SSi^#P«jftfS14aofl|itSr 

[010] Sii&lgtPL|fe7t?SS«0P4#*^i-i^7 7-Cib 

^ o 

[mill iiiS0iJ-et#^:Jx7^c»^#PStteos iiftK 

[[1121 G a®:fc J:t/NffiOffia5:|fe?gf ^/::ie><7)[l 
[SI 31 Si«JSi:PL|&7fc5iiKOM«S:^-r^*^7T** 

^ o 



30 iw^(^um] 



401 


^yr^r^m. 


402 




403 


nMGaNrz^^^ 


404 


nfflAlo.o7Gao. 93N:5^ ^ y KS 


405 




406 




407 


pMAIo.aGao.sN^-V y T'S 


408 


pMGaN***-f KiS 


409 


pMAIo.o76ao.93N^^ ^ y KB 


40 410 


pfflGaNn>i$^^ hfi 


411 




412 




413 




414 


SiOaBI 


501 


nMlno.o2Gao.98N^MS 


502 


T> K-yino.o2Gao.98N»Bii 


503 


ry K-7'lno.2Gao.8N#Fa 


601 


nMGaNS« 


602 


nMGaN€ 


50 603 


nMAIo.076ao.93N^^ y K® 
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604 nmQaWitif^ YM 
605 

606 pMAIo.2Gao.8N^^ y y^m 

607 pMGan^ff^ K® 

608 BSftS^^:^^ 

609 pMAIo.o7Gao. 93N^ -7 y Kg 

610 pMGaNr7>^i5^ hm 

61 1 p 

61 2 n ^® 

613 PgPgR 

614 mmmm 

701 nMlno.o2Gao. 98NiS 

702 r> K-7'lno.o2Gao.98NB 
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703 T> K-yino.2Gao.8NS 

801 -»f7r^r^« 

802 f&fiGaN/ s y 7 r - S 

803 nMGaNn>^^ hm 

804 nMGaNS 

805 T>K--7*GaN® 

806 lno.2Gao .sNffiltil 

807 nMGaNii 

808 pMAIo.isGao.ssNg 
10 809 pMGaNn > ^ ^ hm 

810 pM® 

81 1 n 



[HI] 



[1112] 



(a) 



Cb) 



I 



lUIl 3] 




1Cf Itf^ 10^« 1CP° 

SiSft (cm-3) 



I 

!LJI 
CDE 



A B 



SaCGaS) 
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(13) 
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(14) 
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[119] 



mi 01 




S i ( c m-3) 



> 
« 

I 

H 



3.10 



3.05 



3.00 



2.95 



2.90 




10P 10^' 10^° 10?° 
S i ISJS (c m-3) 



[011] 



[mi 2] 




Q04 0.06 



v 
It 



V 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document 2ire accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



